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Review Article
Immunological diagnosis of tuberculosis:  

problems and strategies for success*
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Abstract
Tuberculosis remains a serious social and public health problem, affecting millions of people annually. The bacille Calmette-Guerin (BCG) 
vaccine, used prophylactically, does not impede the progression of the disease, which usually manifests as decreased cellular immunity. Early 
diagnosis, together with polychemotherapy, can control the dissemination of the tuberculosis infection. The current diagnostic methods 
present certain problems. Such problems include the low sensitivity of sputum smear microscopy, the fact that performing microbiological 
cultures is quite time-consuming, and the low specificity of the skin test with the purified protein derivative of Mycobacterium tuberculosis. 
New diagnostic methods, which use specific antigens such as the early secreted antigenic target 6-kDa and culture filtrate protein 10‑kDa, 
are being evaluated. The genes that encode these antigens are located in the DNA region of difference 1 of M. tuberculosis, M. africanum 
and M. bovis. However, they are absent from the M. bovis (BCG) and from most environmental mycobacteria. Diagnostic methods such 
as QuantiFERON-TB® and T SPOT.TB®, which are based on the production of interferon-gamma by T lymphocytes, in response to those 
antigens, are being tested and have been found to outstrip the purified protein derivative skin test in the following characteristics: greater 
sensitivity; lower cross-reactivity due to BCG vaccination or infection with environmental mycobacteria; and execution time. The introduction 
of diagnostic methods that are more specific and sensitive, together with gaining a better understanding of the molecular and cellular 
mechanisms that regulate the parasite-host interaction, can increase the efficiency of strategies devised to combat tuberculosis.
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Tuberculosis as a global problem

Mycobacterium tuberculosis is responsible for 
tuberculosis (TB), a disease that annually affects 
8 to 9 million people worldwide, accounting for 
approximately 2 to 3 million deaths each year. India, 
China, Indonesia, Bangladesh, and Pakistan, the 
most heavily populated countries in Asia, present 
the highest incidence of the disease and, together, 
have over half the cases in the world.,In Brazil, the 
number of new cases is nearly 100,000/year.(1,2) It is 
estimated that the latent form of TB affects approxi-
mately one-third of mankind. Individuals with latent 
TB constitute a large reservoir of M. tuberculosis, 
although, in this phase of infection, the microor-
ganisms are metabolically inactive, which has been 
associated with the absence of clinical manifesta-
tions in these infected individuals.(3,4) The increase 
in the incidence of TB, as of 1990, has been related 
to the onset of the AIDS epidemic, as well as to 
the emergence of multidrug-resistant strains.(1‑3) 

The principal characteristic of HIV infection is 
the gradual destruction of CD4+ T lymphocytes, 
which play a key role in the immune response to 
M. tuberculosis and in the immunological diagnosis 
of TB.

The natural history of TB shows that most 
individuals are resistant to the infection, probably 
due to their capacity to generate an efficient 
immune response to M. tuberculosis. However, such 
individuals are incapable of completely ridding 
themselves of the bacteria. Of the individuals 
exposed to M. tuberculosis, 10 to 30% become 
infected. Of those, only 5 to 10% develop active 
TB. Consequently, the TB can be disseminated or 
localized (in the pulmonary, lymph node, renal, or 
bone forms) and can also affect any other organ.(3) 

Among susceptible immunocompetent indi-
viduals with active TB, 85% present the exclusively 
pulmonary form. In such individuals, the infection 
with M. tuberculosis is not associated with greater 
susceptibility to other infectious agents. However, 
many patients can present a state of immunosup-
pression against M. tuberculosis-specific antigens, 
which can favor the accelerated growth of the bacilli 
and the development of the disease. In immuno-
compromised individuals, such as those infected 
with HIV, TB can frequently become a disseminated 
disease, most commonly extrapulmonary TB.

Immune response to M. tuberculosis

Since TB is basically a pulmonary disease, the 
lung is the point of entry for the microorganism 
and the principal manifestation site of the infection. 
Immediately after a primary infection, air particles, 
alveolar macrophages, and dendritic cells, which 
phagocytosed the M. tuberculosis, migrate through 
the lymphatic system toward the regional lymph 
node, forming the Ghon complex. Simultaneously, 
phagocytic cells can penetrate the pulmonary paren-
chyma, initiating an inflammatory focus to which 
other macrophages will be attracted. In this case, 
the accumulation of inflammatory cells around the 
microorganism initiates the formation of a granu-
loma, coordinated by T lymphocytes. The T cells 
become indispensable to the formation of stable 
granulomas, contacting mononuclear phagocytes 
and influencing their differentiation and activation 
status. The M. tuberculosis is contained in the gran-
uloma, and can persist in the lesions for decades, in 
latent form, without triggering the disease. 

Immunosuppression, either due to the poor 
health status of the individual, HIV infection, or 
use of immunosuppressants, is the most frequent 
cause of the multiplication of bacilli enclosed in the 
granuloma and of the reactivation of TB (endog-
enous reactivation), as compared to the reinfection 
(exogenous) with M. tuberculosis.(2,4) 

Macrophages in the tissue constitute one of 
the first lines of defense against mycobacteria. 
After being phagocytosed, the bacilli remain within 
the phagosome. After the phagosome-lysosome 
fusion, antigens can be processed and subse-
quently presented to T- helper (Th) lymphocytes 
(CD4+), through the major histocompatibility 
complex class II (MHC II) molecules (also known as 
antigen-presenting cells), which are found only in 
macrophages, dendritic cells, and B lymphocytes. It 
is known that T-helper type 1 (Th1) CD4+ cells play 
the principal role in the immune response to myco-
bacteria.(3) However, cytotoxic T cells (CD8+), which 
recognize antigens from the cytoplasm (tumor or 
viral), also participate in the immune response to 
M. tuberculosis.(3) The CD8+ T cells can recognize 
peptide fragments bound to MHC class I cells, 
which are expressed in practically all differenti-
ated or mature cells of the organism. In the case of 
mycobacteria, it has been demonstrated that apop-
totic vesicles from infected cells containing antigens 
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of the bacillus associated with MHC class I can 
specifically stimulate CD8+ T cells.(5) Alternatively, in 
a phenomenon known as cross-presentation, anti-
gens of intracellular pathogens can directly access 
the presentation via MHC class I cells, owing to the 
capacity of the phagosomes to fuse with the endo-
plasmic reticulum, and to the protein recruitment 
from the endoplasmic reticulum to the phagosome. 
Consequently, phagocytosed antigens can access the 
cytoplasm, suffer degradation by proteases, known 
as proteasomes, return to the phagosome through 
transporters associated with antigen processing 
(TAPs), and bind to MHC class I molecules located in 
the phagosome, leading to the subsequent expres-
sion on the cell surface and to the recognition by 
CD8+ cells.(6,7) 

Atypical lymphocytes (CD4− and CD8−) have 
receptors containing gamma/delta polypeptide 
chains and recognize phosphoric components of 
M. tuberculosis,(8) regardless of MHC class I or II, 
whereas T lymphocyte receptors restricted only 
to CD1 can be stimulated by glycolipids derived 
from the cell wall of the mycobacteria.(9) Therefore, 
the immune system can recognize and effectively 
respond to a broad spectrum of antigenic deter-
minants of different biochemical characteristics. 
In this recognition, there is a hierarchy among the 
T cell subpopulations that contribute to the immune 
response to mycobacteria, and the CD4+ and CD8+ T 
lymphocytes are the most important in this 
hierarchy.(10,11) 

Regarding the innate immune response, 
neutrophils are the first inflammatory cells to arrive 
at the bacillus multiplication site, followed by natural 
killer (NK) cells and macrophages. The NK cells can 
destroy pathogens directly or by killing the infected 
monocytes, as well as being able to activate phago-
cytic cells at the site of the infection.(3) However, it 
has been shown that mice depleted of NK1.1 cells 
do not present greater susceptibility to mycobacte-
rial infection.(12) The recognition and phagocytosis 
of bacteria by innate immunity cells (neutrophils, 
macrophages, and dendritic cells) occur via recog-
nition receptors, such as the mannose receptor, 
receptors for the Fc portion of antibodies (FcRs), and 
receptors for activation products of the complement 
system, such as C3b and C4b (CR1), among others.(3) 

The activation of standard recognition recep-
tors, such as Toll-like receptors (TLRs), leads to an 
important connection between innate and acquired 

immune response. The expression of co-stimulating 
molecules such as CD80 and CD86, on the surface 
of macrophages and dendritic cells, is induced after 
TLRs recognize specific molecules of the pathogens, 
such as lipoarabinomannans, lipoproteins and other 
lipid derivatives of M. tuberculosis.(13,14) The activa-
tion of CD4+ lymphocytes involves the recognition 
of the peptide bound to MHC class II and the inter-
action between co-stimulating molecules, such 
as the CD80/CD86-CD28 interaction. In addition, 
cytokines produced by antigen-presenting cells, such 
as interleukin (IL)-12, and cytokines produced by 
activated T lymphocytes, such as IL-2, are involved 
in the activation and proliferation of T lymphocytes. 
Consequently, M. tuberculosis-specific antigens 
interact with TLRs and other receptors present on 
the surface of macrophages and dendritic cells, 
thereby inducing a predominantly pro-inflamma-
tory cellular immune response (Figure 1).

Cytokines, molecules produced and secreted by 
different immunocompetent cells after some stim-
ulus, are a central component in the defense against 
mycobacteria. At all stages of the immune response, 
the cytokines produced participate in the regula-
tory processes, as well as in effector functions.(3) The 
recognition of the mycobacteria and posterior secre-
tion of IL-12 by macrophages are processes initiated 
before the M. tuberculosis antigens are presented 
to T lymphocytes (Figure 1). The production of 
interferon-gamma (IFN-γ) in NK cells is induced by 
IL-12 in the initial phase of the immune response. 
In addition, IL-12 induces the activation, differ-
entiation, and production of IFN‑γ, as well as the 
expansion of antigen-specific Th1 cells. Recently, 
other cytokines have been described, produced by 
macrophages and dendritic cells, which present 
similar activity to that of IL‑12.(15) The produc-
tion of IFN-γ is also induced by IL-23, IL‑18, and 
IL‑27, a process that is accelerated when IL‑18 and 
IL‑27 act in synergy with IL-12 (Figure 1). It 
is believed that IL-27 acts in an early phase of 
the immune response, preceding IL-12 in the 
inducement of the production of IFN-γ, whereas 
IL-12 presents strong activity in the amplification 
of IFN-γ production and Th1 lymphocyte expansion 
at a subsequent stage(15) (Figure 1). Constituting 
the principal source of IL‑2 and IFN-γ during the 
acquired immune response, Th1 cells are necessary 
for the control of the chronic phase of the infection, 
due to the effect that IL‑2 and IFN-γ have on T cells 
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and macrophages. Produced by dendritic cells and 
macrophages, IL-12 is active in T cells, forming a 
link between the innate and acquired responses. 
Individuals with mutations in genes IL-12p40 and 
IL-12R present reduced T-cell production of IFN-γ 
and are more susceptible to infections disseminated 
by the bacille Calmette-Guerin (BCG) vaccine and 
M. avium.(16) 

The bactericidal capacity of the macrophage 
against M. tuberculosis needs to be previously acti-
vated, and IFN-γ is the principal and most potent 
mediator of this process.(16,17) Increased production 
of IFN-γ can have a variety of effects: increasing 
the expression of various genes in the macrophage; 
increasing the expression of the MHC (greater 
presentation of antigens) and of immunoglobulin 
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Figure 1 - Mechanisms involved in the activation of macrophages and T lymphocytes by mycobacteria - The 
recognition and phagocytosis of mycobacteria can occur via mannan receptors or receptors for activation products of 
the complement system, including complement receptor 1 (CR1). After being phagocytosed, the bacilli are processed 
into phagolysosomes, and the antigens (Ags) are presented to CD4+ T lymphocytes via major histocompatibility 
complex (MHC) class II cells. The fusion of phagosomes with endoplasmic reticulum or phagocytosed apoptotic 
vesicles can favor the presentation of Ags to CD8+ T cells via MHC class I. However, the activation of Toll-like receptors 
(TLRs) promotes the degradation and release of nuclear factor kappa B (NF-κB) which moves toward the cell nucleus 
and induces the activation of the transcription of a variety of genes that lead to the production of cytokines such as 
interleukin (IL)-12 and tumor necrosis factor alpha (TNF-α), as well as to the expression of co-stimulating molecules 
such as CD80 and CD86 (which interact with CD28). IL-23, IL-18 and IL-27 are also produced by the macrophages 
and, together with IL-12, they induce the production of interferon-gamma (IFN-γ) by T lymphocytes. The production 
of IL-2 and IL-2 receptors occurs in activated T cells and induces the proliferation of T lymphocytes. IFN-γ and 
TNF-α activate macrophage microbicidal mechanisms. IFN-γ is also involved in the production of chemokines. IL-10, 
produced by macrophages and by T lymphocytes, acts as an endogenous immunosuppressant; TCR: T-cell receptor 
(T lymphocyte receptor); FcR: receptor for the Fc portion of antibodies.
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receptors (FcRs; greater capacity for phagocy-
tosis); recruiting T lymphocytes that participate 
in the destruction of bacteria; and promoting the 
production of nitric oxide. Although IFN-γ produc-
tion alone cannot control the bacillus, IFN-γ is 
one of the crucial components of the protective 
response against the pathogen.(3,16-17) In synergy 
with tumor necrosis factor alpha (TNF-α), IFN‑γ 
activates infected macrophages, initiating an 
important effector mechanism of the cell-mediated 
immunity. Due to its importance, defects in IFN-γ 
genes or IFN-γ receptors predispose individuals to 
serious mycobacterial infections.(18) Although the 
production capacity of IFN-γ can vary among indi-
viduals, some studies suggest that IFN-γ levels are 
decreased in patients with active TB.(19) These levels 
are even lower in patients with advanced pulmonary 
disease.(20) In addition, it has been demonstrated 
that M. tuberculosis can prevent macrophages from 
adequately responding to IFN-γ.(21) 

However, the importance of IFN-γ in the protec-
tion against various pathogens, including parasites, 
bacteria, and viruses, has been well established.(22) 

Therefore, in various biological systems, the pres-
ence of IFN-γ or IFN-γ-producing cells after antigen 
exposure is frequently used as a marker of effector 
cell activity. Cytokines such as IL-4, IL-5, and IL‑10, 
which are involved in the activation of B cells and 
the production of antibodies, are produced by Th2 
cells. However, immunity against TB is mediated by 
Th1 cells. Nevertheless, it has been recently reported 
that, in human TB, in addition to the Th1-produced 
cytokines, IL-4 is produced.(23-24) It has been demon-
strated that, due to the strong antagonist effect 
that IL-4 has on the Th1 response, that response 
can be jeopardized even when the Th2 response 
is weak.(25) The TLR2 expression and the activa-
tion of macrophages can be negatively regulated 
by IL‑4.(14) Recently, CD4+ and CD25+ regulatory 
T cells have been identified. These cells produce 
IL‑10 and transforming growth factor-beta, as well 
as expressing TLRs (which can react with myco-
bacteria) and participating in the suppression of 
protective immunity. Therefore, they constitute 
a potentially important factor at the onset of the 
infection, since they can influence the latency or 
progression of TB.(4) 

In addition, the immune system contains 
molecules known as chemokines, which induce 
chemotaxis or signaling. Chemokines can poten-

tially intensify the immune response through their 
capacity to recruit and focus distinct populations of 
leukocytes. In in vivo and in vitro murine models, 
M. tuberculosis induces the production of a variety 
of chemokines, including macrophage inflammatory 
protein 1-alpha (MIP-1α), MIP-2, monocyte chem-
oattractant protein 1 (MCP-1), MCP-3, MCP-5, 
and IFN-γ-inducible protein 10.(26) The production 
of IFN-γ can regulate that of various chemokines. 
The monokine induced by IFN-γ (MIG, or CXCL9) 
can accomplish this task and be used as a sensi-
tive and specific measure of IFN-γ production. One 
of the primary effects of IFN-γ release is macro-
phage production of MIG.(27) It is believed that MIG 
is an important mediator of the protective immune 
response. In fact, peripheral blood mononuclear 
cells of patients with TB produce MIG in response to 
M. tuberculosis-specific antigens, and this produc-
tion is significantly lower in control individuals 
residing in an endemic area and vaccinated with 
BCG.(28) 

Successes and problems in the 
prevention and diagnosis of TB

The principal measures to prevent the progres-
sion of TB worldwide include early diagnosis, 
effective treatment for resistant forms of TB, and 
the search for a vaccine that is more advanced 
and protective than the current BCG vaccine.(2) 

The low efficiency of the BCG vaccine has been 
demonstrated in epidemiologic studies carried out 
worldwide, and its efficacy against pulmonary TB 
ranges from 0 to 80%.(29) The principal causes of the 
low efficiency of the BCG vaccine can be related 
to the following factors: 1) exposure to environ-
mental mycobacteria;(30) 2) genetic variations in 
the target population or in the vaccine strains; (4) 

3) nutritional differences among vaccinated indi-
viduals;(29) and 4) co-infections.(31) Nevertheless, in 
areas of low TB prevalence, vaccination is recom-
mended for children (except for children with AIDS), 
immediately after birth or at the first contact with 
public health facilities, in order to prevent menin-
gitis.(32) Despite continuous efforts to develop more 
efficacious vaccines against TB, no new vaccines 
have as yet been approved. Even if a vaccine is 
developed, it will not prevent the progression of the 
active disease among the more than 2 billion people 
already infected with M. tuberculosis. Therefore, 
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even if a new vaccine is implemented worldwide, 
more effective diagnostic systems and treatment 
will be necessary, in the decades to come, in order 
to contain TB.(1-2) 

The diagnostic methods currently used, such as 
sputum smear microscopy, microbiological culture, 
chest X-rays, and the intradermal purified protein 
derivative (PPD) test, or tuberculin test, have not 
been as successful as expected, failing to significantly 
reduce the incidence of TB.(1-2) In individuals with 
pulmonary TB, the most common symptom at the 
onset of the disease is nonproductive cough. As the 
infection progresses, sputum production is induced 
by the increased inflammation and necrosis of the 
lung tissue. Consequently, sputum smear microscopy 
is the method of choice for diagnosis and control 
in the treatment of TB. The principal method for 
testing bacilli in sputum is the Ziehl-Neelsen (ZN) 
staining technique, which is an affordable method 
involving hot carbol fuchsin staining, followed by 
decolorization with acid-alcohol. Since only the 
mycobacteria are acid-fast, only they retain the red 
color. Fluorescence microscopy of auramine-stained 
smears presents accuracy equal to that of ZN 
staining, and requires less time to read. However, 
it is rarely used, since it demands trained personnel 
and is quite costly. In addition, slides testing posi-
tive in the fluorescence microscopy technique need 
to be confirmed through ZN staining. The principal 
disadvantage of sputum smear microscopy, despite 
its simplicity and low cost, is the fact that it provides 
false-negative results in 30 to 50% of individuals 
infected with M. tuberculosis, partially due to the 
need for at least 5000 bacilli/mL of sputum.(33) 

The microbiological culture, generally used 
in suspected pulmonary cases and sputum smear 
microscopy negative cases, has the advantage of 
allowing the detection and isolation of the myco-
bacteria, the identification of the species and/or 
of the isolated complex, and the determination 
of the sensitivity of the microorganism to chemo-
therapeutic agents for TB. The principal culture 
media used are Löwenstein-Jensen (egg-based solid 
medium) and Middlebrook (solid or liquid, in agar 
medium). Despite its importance, the culture of 
M. tuberculosis is time-consuming, due to the slow 
growth of the bacillus (15-20 h), and the test does 
not always present 100% positivity.(1) Automated 
systems for the detection of mycobacteria, such as 
the BACTEC 460 TB®, BACTEC 9000® and the MGIT®, 

which use enriched media that promote the accel-
eration of bacterial growth, are promising, although 
they can also produce false-positive results due to 
contamination by other bacteria.(33) In addition to 
sputum, gastric aspirate, bronchoalveolar lavage 
fluid, transbronchial biopsy, urine, blood, and 
liquor, as well as pleural and peritoneal fluid, can 
be submitted to smear microscopy and culture for 
mycobacteria. The sputum induction technique, 
with ultrasonic nebulization of 3% hypertonic saline 
solution, has proven to be an easily performed alter-
native, presenting the best cost-benefit ratio for 
the diagnosis of pulmonary TB with nonproduc-
tive cough. This technique precedes invasive studies 
such as fiberoptic bronchoscopy and is always used 
in conjunction with sputum smear microscopy and 
mycobacteria culture.(33-34) 

Chest X-rays are indicated as an auxiliary 
method in the diagnosis of TB in symptomatic and 
smear-negative patients, family of patients with 
active tuberculosis, and even in those suspected of 
having extrapulmonary TB. The method is based on 
the presence of characteristic radiographic opacities 
and is useful in the diagnosis of primary pulmonary 
TB (more homogeneous opacity and increase in the 
volume of regional lymph nodes) and secondary 
pulmonary TB (heterogeneous opacity, cavities, 
and nodules).(33) The radiologic analysis, however, 
is not a specific test to detect patients with TB, 
since pulmonary lesions similar to those caused by 
M. tuberculosis can occur in other diseases. In prac-
tice, chest X-rays and sputum tests are applicable 
in patients suspected of having pulmonary TB.(34) 

Although they are quite costly and are only available 
at referral centers, computed tomography scans of 
the chest are a high-resolution radiologic tool, more 
sensitive than chest X-rays.(33) 

Since immunosuppression favors uncontrolled 
growth of M. tuberculosis in the lungs, as well 
as hematogenous dissemination and subsequent 
involvement of one or more extrapulmonary sites, 
computed tomography is more frequently used in 
immunocompromised patients, principally those 
infected with HIV. Extrapulmonary forms of TB are 
more difficult to diagnose, in part because they are 
less well known by physicians. Extrapulmonary TB 
can involve difficult-to-access sites; in addition, 
due to the nature of these sites, some bacilli can 
cause great damage. The combination of bacilli 
and difficult-to-access sites makes bacteriological 
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confirmation difficult, and invasive processes are 
frequently needed in order to make a diagnosis. 
Due to the variety of organic systems involved in 
extrapulmonary and disseminated (miliary) TB, 
clinical manifestations vary greatly. The signs and 
symptoms presented are generally nonspecific and 
systemic, such as fever, weight loss, night sweats, 
anorexia, and weakness. Other symptoms are 
related to the severity of the disease in the organ 
involved.(34) 

Due to its high positivity, the PPD test has been 
long used as an auxiliary method in the diagnosis 
of TB. It is also used as a screening method for the 
diagnosis of TB. Although the PPD test can detect 
infection with M. tuberculosis, including latent 
infection, it is insufficient for the diagnosis of TB 
as a disease. Originally developed by Robert Koch, 
in 1890, and formerly known as tuberculin, this 
method is based on the cellular reaction (accumula-
tion of inflammatory cells) developed in the skin, 
24 to 72 h after intradermal inoculation with PPD, 
a mixture of proteins of low molecular weight. The 
tuberculin used is PPD-RT23 (prepared by Statens 
Serum Institute, Copenhagen, Denmark) delivered 
intradermally, in the forearm, in a dose of 0.1 mL. An 
induration that is larger in diameter than a certain 
size (ranging from 5 mm to 15 mm, depending 
on the risk factors presented by the individual) is 
considered a positive result and indicates infection 
with M. tuberculosis. Despite its importance, the PPD 
test does not present 100% sensitivity (percentage 
of sick individuals who test positive) or specificity 
(percentage of healthy individuals who test nega-
tive). On average, 10 to 25% patients with active TB 
present no reaction to PPD, and specificity varies. 
Population surveys in areas that present different 
risk of infection with M. tuberculosis have shown a 
wide range of induration diameters, with significant 
differences among different geographical areas.

The PPD test has lower sensitivity in popula-
tions of immunocompromised patients, recently 
infected individuals, and very young children. 
Specificity is low, since the PPD contains various 
antigens widely shared among different species of 
mycobacteria, such as environmental mycobacteria, 
M. tuberculosis, M. bovis, and M. bovis (BCG).(35) 

Various studies have demonstrated that the PPD 
does not safely distinguish individuals vaccinated 
with BCG from those exposed to environmental 
mycobacteria or infected with M. tuberculosis.(36) 

The fact that the PPD test is still used, despite these 
limitations, speaks to the urgent need for TB diag-
nostic tests that are more specific.

Initiatives for a precise diagnosis of TB

An immunological diagnostic test is directly 
related to the immune response of the patient. 
Therefore, the advantage of an immunological 
test lies in its capacity to demonstrate whether the 
patient has been previously sensitized to the myco-
bacterium and confirm an infection, without the 
need to detect the bacillus in sputum or any other 
biological sample of the patient. An in vitro test, 
using a small peripheral blood sample of the patient, 
can be sufficient to perform a rapid immunological 
investigation.(37) The inclusion of positive controls 
(mitogens) in an immunological test allows us to 
distinguish immunocompetent individuals (who do 
not present a specific cellular response, but respond 
to mitogens) from immunocompromised individuals 
(HIV+ individuals who do not respond, or respond 
poorly, to specific antigenic stimuli and mitogens).

In the search for new antigens that would 
replace PPD, various regions of the genome of the 
M. tuberculosis have been defined as being expressed 
only by strains of M. tuberculosis; and are there-
fore not found in the strain used in the M. bovis 
(BCG) vaccine or in other species of mycobacteria.(38) 

Therefore, these genomic regions that encode 
M. tuberculosis-specific antigens are the principal 
instruments for the development of new methods for 
the diagnosis of TB, since they represent expressed 
molecules with great potential for the development 
of specific immune response. These regions, present 
in the genome of M. tuberculosis and absent from 
that of M. bovis (BCG), are known as regions of 
difference (RDs), 16 of which have been character-
ized.(39) In RD1 (Figure 2), at least two promising 
antigens for the detection of TB are encoded: early 
secreted antigenic target 6-kDa (ESAT-6),(38) and 
culture filtrate protein 10-kDa (CFP-10).(40) These 
two proteins are essentially present in pathogenic 
mycobacteria, such as M. tuberculosis, M. bovis 
and M. africanum.(41) The two, both of which are 
strongly immunodominant, are secreted in great 
quantity when these mycobacteria are cultured or 
infect the host.(35,42) Since molecules such as ESAT-6 
and CFP‑10 are incapable of activating T cells at the 
onset of TB, molecules such as ESAT-6 and CFP-10 
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play an important role in certain stages of mycobac-
terial growth and intracellular survival. Some studies 
involving mutations in the genes that codify ESAT-6 
and CFP-10 have shown lack of induction of T cells 
specific response and that the mycobacteria were 
rendered avirulent.(43) The practical consequence of 
this immunodominance is that these two molecules 
are ideal partners for a diagnostic method.(44-47) In 
addition, the two antigens can be used in isolation 
or together in the form of a recombinant hybrid 
molecule.(28,44) 

Immunological tests related to IFN-γ produc-
tion by T cells, in response to antigens present 
in M. tuberculosis and absent in M. bovis (BCG), 
such as ESAT-6 and CFP-10, have been devel-
oped in an attempt to replace the PPD skin test.(35) 

Immunological tests are based on the concept that 
T cells of individuals previously sensitized by anti-
gens of M. tuberculosis (memory T cells) release 
IFN-γ when restimulated with M. tuberculosis‑spe-
cific antigens. This test, in contrast to the PPD 
skin test, is performed ex vivo, that is, through the 
culture of a sample of cells from the peripheral 
blood of the patient, for 24 h, in the presence of 
M. tuberculosis antigens.(44) Consequently, the sensi-
tized and specific cells produce and secrete IFN-γ in 
the culture supernatant, which can be subsequently 
detected through an enzyme-linked immunosorbent 
assay (ELISA). High IFN-γ production in response to 

M. tuberculosis-specific antigens indicates previous 
sensitization, although not necessarily in active 
disease. In this aspect, the IFN-γ analysis derived 
from an immunological test is similar to that of the 
PPD test, that is, it is not easy to distinguish latent 
infection from active disease.(33,45-46) 

Two tests based on the IFN-γ production by 
T lymphocytes in culture, using antigens expressed 
by genes present in RD1, are commercially available. 
The first to be introduced was the QuantiFERON-TB® 
test (Cellestis Limited, Carnegie, Australia), approved 
by the United States Food and Drug Administration 
(FDA) in 2001, in which a sample of the peripheral 
blood is cultured in previous prepared plates, and 
the supernatant is analyzed using ELISA.(47-48) This 
first generation of immunological assays used the 
PPD as principal antigen and presented the same 
specificity problems as did the PPD skin test: high 
sensitivity but low specificity.(35) The initial test was 
replaced by the QuantiFERON-TB-Gold®, using 
ESAT-6 and CFP-10 rather than PPD. This new 
immunological assay was approved by the FDA in 
December of 2004.(47-48) The test offers some advan-
tages, such as being performed in a single patient 
visit, providing results within 24 h, and not requiring 
a second challenge to the immune system of the 
individual, and is not affected by previous vaccina-
tion with BCG. However, the test requires processing 
the blood sample within 12 h after collection, and 

CFP-10 ESAT-6

M. tuberculosis, M. bovis, M. africanum,
M. Kansasii, M. marinum, M. szuigai BCG and environmental mycobacteriaM. bovis

RD1

Figure 2 - Presence or absence of genes in region of difference 1 (RD1) in mycobacteria – The RD1 of the mycobacterium 
genome is only present in Mycobacteri	um tuberculosis, M. africanum, and M. bovis (M. tuberculosis complex) and in 
select environmental mycobacteria (M. kansasii, M. marinum, and M. szulgai), being absent from the majority of 
environmental mycobacteria, from the M. bovis bacille Calmette-Guerin (BCG) vaccine, and from all other strains. The 
culture filtrate protein 10-kDa (CFP-10) gene is encoded in the RD1, as is the early secreted antigenic target 6-kDa 
(ESAT-6) gene. Both of those genes show promise for use in the immunological diagnosis of tuberculosis.
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there are still few data related to its use in deter-
mining the risk of contracting TB.(49) 

Another tool developed for IFN-γ detection is 
the enzyme-linked immunospot (ELISPOT), in which 
the number of IFN-γ production cells can be quanti-
fied.(35,50-52) In the ELISPOT, IFN-γ molecules secreted 
by cells of the peripheral blood bind specifically to 
anti-IFN-γ monoclonal antibodies previously immo-
bilized on a plate, avoiding the problem of cytokine 
consumption during culture, thus increasing the 
sensitivity of the ELISPOT in comparison with the 
ELISA.The T SPOT.TB® assay (Oxford Immunotec, 
Oxon, UK) uses ESAT-6 and CFP-10 as specific anti-
gens for the stimulation of blood T lymphocytes. 
This assay is awaiting FDA approval.(47) 

Some studies have been developed in order to 
study the concordance between the PPD skin test 
and IFN-γ detection tests, considering the PPD test 
as the standard determinant. Most studies demon-
strate a concordance ranging from modest to high 
(60-80%) between the two tests.(52‑53) Various studies 
suggest that the tests directed at the detection of 
RD1 antigen-induced IFN-γ production surpass the 
PPD test in terms of the following characteristics: 
specificity; correlation with indirect measurements 
of exposure to M. tuberculosis; lower cross reac-
tivity with BCG vaccination or with infection caused 
by environmental mycobacteria; and faster labora-
tory test results.(35,46-47) Due to the lack of a standard 
determinant in the diagnosis of TB, it is impossible 
to define with precision the sensitivity and specifi-
city of the tests that can quantify IFN-γ production 
for the diagnosis of latent infection.(35) 

Serologic testing can detect specific antibodies 
to mycobacteria in serum and is an attractive diag-
nostic method due to its ease of application, capacity 
to determine events related to humoral response 
after infection, and possible application in the diag-
nosis of the initial phase of the disease. Therefore, 
serology testing can be rapid and strong enough 
to be implemented in adverse conditions, such as 
those encountered in developing countries.(54) It is 
noteworthy that, in patients suffering from AIDS, 
in whom the number of T cells is decreased or even 
null, determining humoral response can be an inval-
uable tool in making an early diagnosis and gaining 
epidemiological control over TB.

Serologic tests present low sensitivity and specif-
icity. This is due to the great heterogeneity of the 
humoral response in patients with TB and to the 

cross reactivity with other antigens, such as those 
in environmental mycobacteria, hindering their 
application.(55) Various trials have been conducted 
in attempts to improve serologic testing in the 
diagnosis of TB. For this reason, various antigenic 
preparations, such as bacterial suspensions, bacterial 
culture filtrates, bacterial extracts, and even PPD, 
have been studied. Obtaining purified and specific 
mycobacterial proteins has increased the potential 
of serologic testing in the diagnosis of TB. Various 
antigens of considerable serologic value, such 
as antigen 85A, 38-kDa protein, alpha-crystallin 
(16 kDa), MTB48, and PGL-Tb1, have been identi-
fied.(35) Some of these antigens are secreted or are 
present in the cell wall of the bacillus. Although the 
mycobacterium is an intracellular microorganism, 
thereby protected from the biological effect of anti-
bodies, the fact that some secreted antigens are 
simultaneously immunodominant justifies the evalu-
ation of the humoral response and its application in 
the diagnosis of TB. It is believed that, in the future, 
efficacious serologic assays will contain various 
specific antigens (an antigen cocktail) in order to 
evaluate the humoral immune response.(56-57) 

Recently, a new diagnostic test for TB, known 
as the e-nose and capable of detecting vola-
tile components in the serum, was introduced.(58) 

The volatile components are likely released from 
the lung into the circulation by the mycobacteria 
present in an active infection. This new method can 
distinguish changes in the physical properties of the 
serum (conductivity, resistance, and frequency) in 
response to certain chemical groups originating in 
the mycobacteria and has therefore been nominated 
as a potential diagnostic test for bovine TB. The test 
is easy to perform and affordable, which makes it 
possible to apply it on a large scale. However, it is 
unclear whether this method will be able to discrim-
inate between infections caused by pathogenic 
mycobacteria and those caused by nonpathogenic 
mycobacteria. The effect of BCG vaccination on 
the sensitivity of this diagnostic method is equally 
uncertain. 

The in vitro amplification of the DNA of the 
mycobacteria through polymerase chain reaction 
can in turn provide a rapid diagnostic response, 
although this method requires a specialized labora-
tory and trained personnel.(59,60) The method is not 
very practical in cases of extrapulmonary TB or in 
pediatric patients, in whom invasive procedures are 
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required in order to obtain samples for analysis. 
Nevertheless, the comparison of results obtained in 
different laboratories has shown that there is great 
variety in the reproduction of this highly sensitive 
technique, resulting in a high index of false-posi-
tive results. In addition, methods of this kind that 
are commercially available do not reach the level 
of sensitivity achieved using the traditional culture 
method,(35) principally in the cases of negative 
sputum smear microscopy, commonly found in 
patients with HIV.

Final considerations

The rapid and specific diagnosis of TB is vital to 
the control of infection with the bacillus. Despite 
the enormous public health problem caused by TB 
worldwide, the medical resources available for treat-
ment and prevention of the disease are still limited. It 
is worthy of mention that no new chemotherapeutic 
or biological agent against TB have been introduced 
in the past 40 years, and a uniformly effective 
vaccine has yet to be developed. The low specifi-
city of the diagnostic methods still in use precludes 
any change in the degree to which M. tuberculosis 
infection is controlled. Due to these limitations, we 
need to gain a better understanding the pathologic 
bases of TB. It is especially important to elucidate 
the molecular and cellular mechanisms that regu-
late parasite-host interaction, in order to urgently 
develop more efficacious weapons against TB.
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